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Abstract: Clinically it is generally known that palpation can be used to detect the existence of hard 
lesion in soft tissues for a first-step diagnosis, such as the detection of breast cancer. However, palpation 
can only give qualitative results, which quite depend on the experience of the operator and suffer from 
diagnosis subjectivity. To address this problem, more quantitative and objective tools, i.e. elasticity 
imaging and elasticity measurement techniques have been developed. These two techniques have their own 
characteristics: elasticity imaging normally gives information related to the contrast of elasticity while no 
intrinsic properties are provided for the detected tissue; in contrast, elasticity measurement gives an absolute 
value for the intrinsic elastic properties of the tissue, such as Young's modulus, which will be helpful for 
the diagnosis of diffused diseases such as liver fibrosis and their longitudinal follow-up. Furthermore, the 
obtained results do not or less depend on the instrument used. Consequently, with the broad applications 
of various medical imaging modalities, such as ultrasound, magnetic resonance imaging (MRI) and optical 
imaging techniques, the field of elasticity measurement is developing fast in the last two to three decades, 
generating a large number of new techniques and instrument, among which some clinical trials are ongoing. 
It is expected that with the further development of the currently existing techniques and the emergence 
of new methods, the elasticity measurement will be more widely tested and applied to clinical fields. The 
elasticity measurement can be used to complement the currently imperfect diagnosis of some diseases or to 
evaluate the effectiveness of the treatment strategies. In this review, we will firstly introduce the traditional 
and recently developed tissue elasticity measurement techniques and then their applications for the 
diagnosis of diseases and evaluation of therapy are overviewed. Finally some future research directions and 
perspective of this field are presented. For some relatively matured techniques, we will introduce them in 
more details in coming issues of this journal.
Key words: Elasticity; elasticity measurement; elasticity imaging; elastography; Young's modulus; viscosity; 
mechanical test; indentation; ultrasound; shear wave; propagation speed
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散（energy dissipation）的现象 [14] ；生物组织测试还会出现
预适应（preconditioning）、应力不变情况下应变蠕变（creep）























性可以用两个独立的参数来表征 [5] ：杨氏模量 E 和泊松比
ν。在这种情况下，杨氏模量 E 和剪切模量 μ 之间有以下
的关系 [17] ：
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应变率（strain rate）从 5×10-5s-1 变到 1×103s-1 时，杨氏





































用有限元模型求得一个力 / 形变曲线斜率 Si，定义一个转
换参数 Ci ＝ Ei/Si（i 为迭代次数），再根据实验测量出的斜











切波的传播速度 vs 跟材料的剪切模量 μ 存在以下的关系 [17]：

















来测量组织的弹性。Sarvazyan 等人 [12] 首先提出用脉冲声
辐射力（acoustic radiation force）在组织内部产生暂态振动，
然后可以利用光学或者 MRI 的方法测量振动的传播情况及






公司 Supersonic Imagine 专门将该技术产品化及推广。该方
法的应用包括区分良恶性乳腺肿瘤 [99]、监视肿瘤热疗的
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干扰对测量的影响，并且测量操作简单迅速 [84]，在肝纤维
化的检查方面获得了广泛的应用 [105-106]，法国巴黎一个公司
Echosens 已经推出商用化的机器 Fibroscan 用来评估肝纤维
化程度，诊断肝硬化。Fibroscan 使用 A 模超声进行操作，
定位基本靠操作者的经验，使用当中存在着定位难、检测
区可能存在大血管引起测量不准确等缺点，于是我们提出















的印压实验和触觉共振方法，Jalkanen 等人 [112-113] 证明探头
的接触力 F 和频偏 Δf 在小形变情况下存在以下的线性关
系 ：












通过一些间接的方法测得。例如 Lyyra 等人 [42] 使用应变计
（strain gauge）来测量内窥印压系统压头对软骨产生的压


































www.instron.com/） 和 MTS（http://www.mts.com/） 公 司 的 材
料测试机完成，读者可以参考这些材料测试仪的说明手册
了解测试的步骤。我们组提出的软组织硬度超声测量系统









影响 [131] 等。结合 B 模超声，该系统还可用于乳腺软组织
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学和弹性参数 [117,135-136]。Cutometer（德国科隆 Courage and 







硬 化。 另 外， 法 国 的 Supersonic Imagine 公 司（http://www.
supersonicimagine.fr/）的 Aixplorer 系列超声机和西门子具有




参数的图象，而西门子的 Virtual Touch 是在所选感兴趣区
域旁边产生剪切波，然后观察其传播时间，给出单个传播
速度值，其结果类似于 Fibroscan 给出的单一肝硬度值。日
本 的 Axiom 公 司（http://www.axiom-j.co.jp/home.htm） 研 制



























[4,10,141-142]、淋巴 [143-144] 和大脑 [94,145-146] 软组织。可应用弹性
测量技术的具有生物力学功能的组织包括皮肤 [34,64,147-150]、
肌肉 [88,151-155]、心肌 [156-160]、血管 [161-168]、软骨 [18,28,43,56,114,135,
136,169-175]、韧带肌腱 [33,176-178] 和肠胃 [179-184]，这些应用特别集
中在具有某些特定病灶的特定部位，譬如糖尿病人的脚底
软组织 [14,30,51,185-190]、截肢病人的上下肢及附近部位软组织
[82,191-194] 还有骨关节炎病人膝或者髋关节软骨 [135,195-196] 等。
可应用弹性测量技术的内脏组织主要包括肝脏 [197-199]、前
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